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TUBULAR SIGNAL TEIANSMISSION DEVICE AND METHOD OF MANUFACTURE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to initiation signal transmission lines used in mining and other 
blasting operations and, in particular, to tubular initiation signal transmission lines such as 
shock tube and low velocity signal tube. 

Related Art 

[00021 U.S. Patent 5,681,904 entitled "Azido Polymers Having Improved Bum Rate", issued 
October 28, 1997 and relates to azido polymers, esrpecially cross-linked azido polymers that can 
be used as high-energy materials. As disclosed starting at column 1, line 10, azido-containing 
compounds and polymers are important in the fields of explosives and propellants because the 
azido group is highly energetic and can easily be incorporated into a polymer or oligomer at 
high weight percent loadings. One especially useftd class is described starting at column 1, line 
14, as azido-substituted polyethers, for example, glycidyl azide polymer. Although hydroxy- 
lated azido-substituted polyethers are often cured with polyisocyanates via a urethane-forming 
mechanism for energetic material applications, as disclosed starting at column 2, line 9, it has 
been discovered that liquid azido polymers can be cross-linked to some or all of the azido 
groups with a multi-functional dipolarophile having a reactive group selected from acrylic and 
acetylenic esters or amides to produce a polymer material containing triazoline and/or triazole 
groups. These materials are said to have advantages relative to the polyisocyanate-cured poly- 
mers. Such polymers, including glycidyl azide polymers ("GAP") are commercially available 
from Minnesota Mining and Manufacturing Company ("3M Company") of St. Paul, Mmnesota. 
The disclosure of U.S. Patent 5,681,904 is incorporated by reference herein. 
[0003] It is conventional practice in mining and other blasting operations to employ non- 
electric initiation signal transmission tubes to transmit initiation signals from an igniter device 
to an initiator device such as a detonator that is used to initiate another reactive device, e.g., to 
set off an explosive charge such as a borehole explosive charge, e.g., a PETN-containing 
booster charge which, in turn, may initiate a borehole blasting agent such as ANFO. Two well- 
known types of non-electric signal transmission tubes are known in the art as shock tube and 
low velocity signal transmission tube, and are referred to collectively as signal transmission 
tubes. Typically, a signal transmission tube comprises a flexible but resilient tube having a thin 
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layer of reactive powder material adhered to flie inner wall, leaving a continuous open channel 
along the length of the tube. 

[0004] Generally, signal transmission tube may be formed from an extraded synthetic poly- 
meric material such as BAA (ethylene/acrylic acid copolymer), EVA (ethylene vinyl acetate) or 
a SURLY]>r" such as SURLYN™ 8940, an ionomer resin available from E. L DuPont de Ne- 
mours Company of Wihnington, Delaware, low density polyethylene (LDPE), linear low or 
medium density polyethylene, linear low, medium and high density polyester and polyvi- 
nyUdene chloride (PVC), and suitable blends or polymer alloys of such materials. A signal 
transmission tube may comprise multiple, concentric, co-extruded layers, the outer layer or lay- 
ers usually being made of a mechanically tougher polymer than the innermost layer. The mate- 
rial used to manufacture the signal transmission tube is generally chosen so that the finished 
tube will be sufficiently flexible to permit the necessary handling, but will also be of suffi- 
ciently high tensile strength and resiliency to resist breakage and sufficiently tough to resist 
abrasion, cutting or nicking of the tube during use. In fact, conventional signal transmission 
tubes are so resilient and strong that an initiation signal passing flierethrough does not substan- 
tially affect the physical integrity of the tube, which remains intact after the signal passes there- 
through. This allows signal transmission tubes to be used advantageously on the surface of a 
blasting site where air blast and associated noises are unwanted, as well as for the transfer of an 
initiation signal through explosive material (such as a borehole charge) to a detonator for the 
explosive material without causing premature detonation or disrupting the explosive charge in 
the borehole. 

[00051 U.S. Patent 5,597,973 to Gladden et al, dated January 28, 1997, entitled "Signal Trans- 
mission Fuse", is concerned with shock tube of specific and inventive dimensions and propor- 
tions, and which contains a pulverulent reactive material disposed on the inner surface of the 
tube. For example, see column 2, line 38 etseq of U.S, Patent 5,597,973. 
[0006] Another of many patents dealing with shock tube is U.S. Patent 6,170,398 to Rabotinsky 
et al, dated January 9, 2001, entitled "Signal Transmission Fuse", which discloses a shock tube 
which encases a support tape which has a reactive coating adhered to one side of the tape by a 
binder, 

[0007] In most cases in the prior art, the reactive material is a pulverulent material which ad- 
heres to the interior of the hollow tube by the attraction of the powder particles to the plastic 
firom which the interior wall of the tube is made. That material is usually an ionic ethylene 
methacryUc acid polymer, such as that sold under the trademark SURJLYTSI® by E. 1. DuPont de 
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Nemours Company of Wilmington, Delaware. The pulverulent reactive material is mainly "un- 
embedded", meaning that it is not held on the tube wall by an adhesive, binder or the like. 
[0008] One art-recognized dijBBculty is migration of the unembedded pulverulent reactive mate- 
rial, which is conventionally held in place only by electrostatic or other attraction to the plastic 
of which the interior surface of the tube is made. During shipment, handling or installation, 
portions of the pulverulent reactive material tend to detach from the tube wall, possibly result- 
ing in bare spots on the interior of the tube and/or accumulation of powder, especially in kinks 
or in curved portions of the tube, which then may be plugged with the loose reactive powder 
that may interrupt the transmission of a signal therethrough, resulting in a misfire. Powder mi- 
gration is a problem because, in products where lengths of the signal transmission fuse are con- 
nected to devices such as detonators, migrating powder can collect atop the explosive or pyro- 
technic contained within the detonator and shield the explosive or pyrotechnic from the signal 
generated in the shock tube, thereby resulting in a misfire. LocaUzed concentrations of powder 
can lead to blow-outs of the tube wall which will result in undesired variations of the reaction 
pressure. Of course, if powder ndgration is so severe as to leave sections of the fiise with insuf- 
ficient powder adhered thereto to sustain the reaction, a propagation failure will occur. Reli- 
abiUty of performance of shock tube is always of vital importance, especially in certain applica- 
tions, e.g,, air bag devices, where malfimctioning can lead to injxuies. 
[0009] U.S. Patent 4,756,250 to Dias dos Santos, dated July 12, 1988, entitled "Non-Electric 
and Non-Explosive Time Delay Fuse, discloses fiises comprising hollow tubes into which pyro- 
technic mixtures are blown to deposit pyrotechnic material into the tubes. 
[0010] Adhering the reactive material to a tape contained within the tube by means of a binder 
as disclosed in U.S. Patent 6,170,398 is an attempt to overcome the problem of powder migra- 
tion, but requires a more complicated manufacturing technique. 

[0011] One disadvantageous result of the resilience, toughness and tensile strength of conven- 
tional signal transmission tube such as shock tube is that after the blasting operation, the blast- 
ing area is littered with spent but intact tube carcass. The tube carcass may clog up mine proc- 
essing equipment and may tangle in rotating parts of mining equipment such as the axles or 
shafts in earfh-moving equipment and crushing machinery employed at the blasting site shortly 
after the tube is used, and may require frequent removal. For example, tube carcasses often 
snag on earfh-moving equipment such as bulldozers, forcing the operator to stop the bulldozer 
to cut tube carcass firom the equipment and to collect and remove tube carcass from the work 
site. Prior attempts to address this problem have included providing tube that splits upon fimc- 
tioning. On a longer time frame, those portions of conventional tube carcasses, or fragments 
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thereof that remain on the blasting site or that are transported elsewhere constitute solid waste 
that is not very susceptible to biodegradation. 

SUMMARY OF THE INVENTION 

5 [0012] A method for making a signal transmission tube comprises disposing a reactive poly- 
meric material within a confinement tube and leaving a portion of the tube interior unoccupied. 
According to various optional aspects of the invention, which may be embodied individually or 
in various combinations, the mterior of the confinement tube may be substantially firee of pul- 
verulent reactive material; the reactive polymeric material may comprise a glycidyl azide poly- 

1 0 mer (GAP material) which may optionally be obtained by cross-linking a GAP resin with multi- 
functional dipolarophiles; the method may comprise forming the confinement tube and dispos- 
ing a layer of paint on the interior surface of the confinement tube, wherein the paint comprises 
the reactive polymeric material; and/or the method may comprise extruding the confinement 
tube over an elongate rod that comprises the reactive polymeric material. 

15 [0013] According to another aspect of the invention, a signal transmission tube comprises a re- 
active polymeric material disposed within a confinement tube, wherein the reactive polymeric 
material is configured to leave a portion of the interior of the confbaement tube unoccupied. 
[0014] Various optional aspects of the invention which may be embodied individually or in 
various combinations. Optionally, for example, the interior of the confinement tube may be 

20 substantially firee of pulveralent reactive material. Optionally, the reactive polymeric material 
may comprise a GAP material. The signal transmission tube may comprise a layer of paint on 
the interior surface of the confinement tube, the paint comprising the reactive polymeric mate- 
rial; and/or it may comprise a reactive polymeric material in the form of a rod disposed within 
the confinement tube. Optionally, the rod may have a high surface area configuration and/or 

25 the rod may comprise a longitudinal bore therethrough. 

[0015] A method for making a signal transmission tube comprises extruding a reactive poly- 
meric material into a tubular form. Optionally, the method may further comprise extrading a 
sheath over fiie tubular reactive polymeric material. In one embodiment, the sheath may be 
configured to be firactured by the reaction of the reactive polymeric material. Optionally, the 

30 sheath may be configured to be consumed by the reaction of the reactive polymeric material. In 
various embodiments, the reactive polymeric material may comprise a GAP material. 
[0016] In another embodiment, a signal transmission tube comprises a reactive polymeric mate- 
rial in the form of a tube. Optionally, the interior the tube is substantially free of pulverulent 
reactive material. In one particular embodiment, a sheath may be disposed over the tube com- 
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prising the reactive polymeric material. The sheath may be configured to be fractured and/or at 
least partially consumed by the reaction of the reactive polymeric material. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] Figure 1 is a cross-sectional view of a shock tube whereby the int^ior wall is coated 
with a reactive polymeric material in accordance with one embodiment of the present invention; 
[0018] Figure 2 is a cross-sectional view of a star-shaped solid rod comprised of a reactive 
polymeric material confined within a plastic tube with hollow areas between the star points and 
the shock tube wall, which extends throughout the length of the tube in accordance with another 
embodiment of the present invention; 

[0019] Figure 2A is a cross-sectional view of a shock tube cast in wagon wheel structure 
whereby the spokes and axle are comprised of a reactive polymeric material and the wall is a 
plastic tube and the area between the spokes remains hollow throughout the extension of the 
tube in accordance with the present invention; 

[0020] Figure 2B is a cross-sectional view of an extruded rod encased in a plastic sheath with a 
plurality of circular, evenly-spaced voids surrounding the hollow core extending throughout the 
length of the rod, the body of which is comprised of a reactive polymeric material in accor- 
dance with the present invention; and 

[0021] Figure 3 is a cross-sectional view of a shock tube entirely constmcted of a reactive 
polymeric material in accordance with a third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION AND SPECIFIC EMBODIMENTS THEREOF 
[0022] A signal transmission tube as described herein comprises, instead of pulverulent reactive 
material, a reactive polymeric material. In some embodiments, the signal transmission tube 
comprises a confinement tube within which the reactive polymeric material is disposed as a rod 
within the confinement tube or as a layer of a coating composition (e.g., a paint) on the interior 
surface of the tube. In such embodiments, the confinement tube is preferably made of a non- 
reactive material or materials, such as the single- or multiple-ply hollow polyethylene and/or 
SURLYN® tubes conventionally used in shock tubes. 

[0023] Reactive polymeric materials are polymeric materials that have reactive pendant groups 
such as azido groups, nitrate groups, triazoline groups and/or triazole groups chemically bonded 
to the polymer backbone, rather than comprising a relatively inert polymeric material or resin 
having pulverulent reactive material physically blended therein. However, a reactive polymeric 
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material may optionally have pulverulent reactive materials blended therein such as oxidizer 
additives, e.g., ammonium perchlorate and/or ferric oxide, or pyrotechnic or e3q>losive materi- 
als. 

[00241 Some reactive polymeric materials may be obtained by cross-linking resinous (e.g., Uq- 

5 uid) azido polymers such as glycidyl azido polymer (GAP) resin, which is, as described in U.S. 
Patent 5,681,904 (which is hereby incorporated herein by reference), has pendant azido groups 
and is commercially available in polyol form (having hydroxyl functional end groups) or as a 
plasticizer (non-hydroxylated resin). The GAP polyol resin may be cross-linked with, e.g., 
polyisocyanate, to react with the hydroxyl end groups, producing a reactive polymeric material 

10 having azido pendant groups. Altematively, GAP resins (either polyol or plasticizer) may be 
cross-linked with multi-functional dipolarophile molecules such as acrylic esters, acrylic am- 
ides, acetylenic esters, acetylenic amides, and/or mixtures thereof, which react with the azido 
groups (and which therefore do not require the polyol resin form) and which may be used in 
amounts of about 10 to about 100 parts per himdred (pph) parts of the resin (by weight). The 

15 resulting reactive polymeric material comprises triazole and/or triazoline groups. Two example 
cross-linking agents of this kind are pentaeryflmtol triacrylate (PETA) and/or dipentaerythritol 
hexaacrylate (DPEHA). Cross-linking occurs under relatively mild conditions, e.g., at ambient 
temperatures. Cross-linking may be initiated or controlled by radiation techniques, e.g., UV 
radiation, electron beam radiation, X-ray, etc. The 

20 [0025] The reactive polymeric material, when applied as a coating of resin and cross-Unking 
agent to the interior surface of a tube made of non-reactive material, exhibits good adhesive ca- 
pability relative to the material of the interior surface of the hollow tube. In other embodi- 
ments, the reactive polymeric material is formed into a tube that propagates the signal without 
the need for a conjfinement tube. Similarly, the tube wall may optionally be free of embedded 

25 reactive material, although in certain embodiments, the reactive polymeric material may include 
pulverulent reactive material (e.g., an oxidizer) embedded therein. In all embodiments, at least 
a portion of the interior of the tube is open, i.e., unoccupied, by solid material. The open inte- 
rior is believed to facilitate the formation and propagation of a reaction front resulting from the 
reaction of the reactive polymeric material of the tube. Signal transmission tubes as described 

30 herein may be used in tiie same manner as other tubes, e.g., to convey initiation signals to 
squibs or detonators in borehole charges or the like. 

[0026] The use of reactive polymeric material to propagate a signal in the tube reduces and may 
remedy problems associated with tubes that rely principally on unembedded powdered reactive 
materials to convey the reaction signal, i.e., problems of powder migration (the spalling of reac- 
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tive material from the interior surface of the tube) and the need to seal the tube interior against 
the introduction of moisture, small amounts of which may severely inhibit the proper function- 
ing of the tube, because reactive polymeric materials will not spall and migrate, and they are 
relatively unaffected by ambient moisture. In certain embodiments, the interior of the signal 
transmission tube may be substantially free of unraibedded pulverulent reactive material or, 
optionally, substantially free of all pulverulent reactive material. Similarly, the tube wall may 
optionally be free of embedded reactive material, although in other embodiments the reactive 
polymeric material may contain a pulverulent reactive material (e.g., an oxidizer) embedded 
therein. 

[00271 To apply a reactive polymeric material on a tube wall in the form of a coating composi- 
tion, the coating composition may initially be dissolved or suspended in a liquid vehicle to pro- 
vide a liquid coating composition that may be aspirated into the confinement tube, optionally 
simultaneously while the tube is being formed. In such case, the liquid vehicle may be removed 
by evaporation, leaving the coatuig composition comprising the reactive polymeric material de- 
posited on the tube wall. In some embodiments, the coating composition may comprise an ad- 
hesive in addition to the reactive polymeric material, to enhance adhesion of the reactive poly- 
meric material to the tube wall. Optionally, the liquid coating composition may include a wet- 
ting agent, to facilitate the formation of a smooth, uniform coating on the tube wall. Alterna- 
tively, the wetting agent may be applied to the tube wall before the liquid coating composition 
is aspirated therein. 

[0028] One embodiment of such a tube is shown in Figure 1 as a cross-sectional view of a sig- 
nal transmission tube (e.g., shock tube) 10 comprising a hollow tube 10b made of a generally 
non-reactive (i.e., non-energetic) mat^ial, optionally a polymeric material such as polyethylene 
or polyvinyl chloride (PVC) or SURLYN® polymer or the Uke. On the interior surface of tube 
10b is adhered a polymeric coating composition 10a that comprises a reactive polymeric mate- 
rial, e.g., a GAP material, which comprises a cross-linked GAP resin. In one embodiment, 
GAP resin may be cross-linked with multiftmctional dipolarophiles to provide excellent adhe- 
sive retention to the interior surface of a confinement tube. The coating composition 10a is ap- 
plied to the interior wall of plastic tube 10b, leaving a hollow bore 10c extending through the 
entire length of shock tube 10. Tube 10b contains no unembedded pulverulent reactive materi- 
als, e.g., powders comprised of aluminum and/or a high explosive such as RDX, PETN or de- 
flagrating materials or the like, adhered electrostatically, or otherwise attracted to, the interior 
surface of the tube or disposed therein. 
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[0029] In a particular embodiment, the coating composition on the interior wall of the tube 
comprises a GAP resin, a cross-linking agent, and other optional ingredients in a liquid vehicle 
(solvent). Suitable solvents for a GAP resin include xylene, MEK (methylethyl ketone), ace- 
tone, diethyletiier, ethanol and ethyl acetate. 

[0030] An evenly coated application without voids is facilitated by including a wetting agent 
such as polyvinyl butyral (PVB), For example, a 1% solution of PVB in ethanol may be added 
to the paint to provide wetting of the surface of the interior wall of the tube. The GAP paint is 
aspirated into the interior of the shock tube whereby it adheres through an adhesive agent in the 
solvent and/or by an agent in the paint bonding to the wall. Altematively, a wetting agent may 
be applied to the interior surface of the tube before the GAP paint is applied. For example, the 
PVB solution may be aspirated into the tube, which may then be thoroughly dried with hot air 
before tihie GAP paint is aspirated therem. The coating composition may then be aspirated into 
the PVB-coated tube, and adhesion is achieved by an adhesive agent dissolved in the solvent 
and/or by an agent in the paint which attacks the wall. 

[0031] The GAP coating composition may be ^lied with various coating weights per linear 
length of tube to control the velocity of detonation of the resulting shock tube. Some embodi- 
ments of GAP coating compositions are elastomeric and may withstand up to 20% stretching of 
the shock tube without detriment to the adhesion. In some applications, coating adhesive 
strength is essential for proper functioning of signal transmission tubes. 

[0032] In one sample embodiment, a tube having an interior diameter of about 1/16 inch (about 

0. 16 centimeter) was wetted with a 1% PVB solution, allowed to dry, and was then coated (by 
aspiration) with a paint composition comprising GAP resin and a cross-linking agent, in an 
amount of about 50 milligrams per meter of the tube. The resulting signal tube functioned 
properly from end to end. Another sample was prepared in the same way, except that the paint 
comprised, in addition to GAP plasticizer (i.e., non-polyol resin), 25% PETA, 3% ammonium 
perchlorate, 1% ferric oxide and 1% GAP polyol resin. This sample also performed properly, 

1, e., a highly exothennic signal propagated therethrough &om end to end. 

[0033] In another embodiment, the reactive polymeric material may be disfposed in the con- 
finement tube in the form of a rod, over which the confinement tube may be extruded. Option- 
ally, the rod comprising the reactive polymeric material and the confinement tube may be co- 
extruded. The rod may have a round cross-sectional configuration or it may be configured to 
have a high surface area relative to its linear density, i.e., it may have any one of various non- 
round cross-sectional shapes such as a wagon wheel cross section with spokes and hub, a star 
shape, a cross shape, etc. Optionally, the rod may be hollow, i.e., it may be formed with one or 
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more longitudinal bores or passageways tiierethrough which, for purposes of this invention, 
provide a high surface area configuration. 

[0034] Upon initiation, the rate of reaction will be increased dramatically because of the high 
surface area-to-volume ratio of the reactive material rod confined within the tube. Bum speed 
5 will depend upon the pressure developed by the reaction products of the reactive material and 
the relative confinement provided by the surroimding tube. If the confinement tube is suffi- 
ciently thru, it may be at least partially consumed or firactured by the reaction, leaving minimal 
residue. 

[0035] One embodiment of such a tube is shown in Figure 2, which illustrates a signal tube 12 
10 comprised of a hollow confinement tube 12b of non-reactive polymeric material (e.g., polyeth- 
ylene) which is extruded over a rod 12a that comprises reactive polymeric material comprising 
glycidyl azide polymer cast into a star-shaped cross-sectional configuration. The open areas 
12c between Hie star points and the tube interior wall 12d leave open a portion of the interior of 
tube 12b and provide hollow bores or passageways extending along the entire length of signal 
IS tube 12, providing confined flame chamiels which will increase the rate of reaction of rod 12a 
upon initiation. The bum speed of signal tube 12 depends upon the developed pressure, which 
is a function of tibie gas volume produced per unit of time, and the relative confinement of the 
reaction provided by tube 12b. A sufficiently thin hollow tube 12b can be substantially con- 
sumed or fi:actured along with the reactive glycidyl azide polymer material of rod 12a, leaving 
20 minimal residue fi-om the reaction. In one embodiment, tube 12b may also comprise glycidyl 
azide polymer and/or another reactive polymeric material and may be consumed along with rod 
12a upon initiation of signal tube 12. 

[0036] Figures 2A and 2B show other embodiments of the present invention. Figure 2A is a 
cross-sectional view of a GAP material rod having, in cross section, the appearance of the 
25 spokes (14b) and hub (14c) of a wheel. The wall 14a surrounding the GAP material rod is 
comprised of conventional, non-reactive plastic tubing. The open areas between the spokes 
comprise bores or passageways 14d which extend along tibie entire length of shock tube 14, 
whereby tiie flame is transported through the bores 14d. 

[0037] In yet another embodiment, the rod of reactive polymeric material may comprise longi- 
30 tudinally extending bores or passageways extending along the entire length thereof, i.e., it may 
comprise a bore-containing rod. A plastic tube is over-extraded onto the GAP material rod, 
leaving the hollow bores or passageways extending along the entire length of the resulting 
shock tube. For example, Figure 2B is a cross-sectional view of a shock tube 16 comprised of 
an extruded rod 16a made of GAP material and encased in a confinement tube 16b. Rod 16a 
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contains multiple evenly-spaced passageways 16c surrounding a central hollow bore 16d which, 
in the illustrated embodiment, is of larger diametar than passageways 16c. As in the other em- 
bodiments, confinement tube 16b is made of a non-reactive plastic material. Although rod 16a 
is in contact with sheath 16b around its entire circumference, a portion of the interior bore of 
sheath 16b is nonetheless unoccupied (i.e., open) due to the central hollow bore 16d and pas- 
sageways 1 6c of rod 1 6a. When the non-reactive outer tube is made thin enough to be nq>tured 
or substantially consumed by the reactive material, the residue left after initiation of the shock 
tube is minimized. 

[0038] In an alternative embodiment, tube 16b may also comprise a reactive polymeric mate- 
rial In such case, substantially all of shock tube 1 6b may be consxuned when it functions. 
[0039] As discussed in U.S. Patent No. 5,827,994, the advantage of minimal residue left by 
shock tube tubes in the aftermath of an explosion at a blasting site precludes the necessary re- 
moval of spent shock tube "carcasses" littering the work site. Such carcasses tend to clog rotat- 
ing parts of earth-moving or mining equipment and vehicles operating at the site and necessitate 
frequent downtime for removal of tangled carcasses. 

[0040] Still another embodiment of the present invention provides a shock tube, i.e., a hollow 
tube, entirely constructed of the reactive, cured GAP material. In this embodiment, the reactive 
polymeric material is sufficiently strong to have the tensile strength and resiliency needed for 
ordinary on-site handling prior to use. Once ignited, the tube incinerates, leaving no significant 
remnants behind. For example, as shown in cross section in Figure 3, the shock tube 18, the 
body 18a of which is entirely comprised of reactive GAP material, defines a hollow bore 18b 
extending therethrough. Shock tube 18 is extruded as a GAP resin containing a cross-linking 
agent, and is polymeiized/cross-linked, e.g., by radiation, to hold its extruded shape. Once ini- 
tiated, the wall structure will incinerate with no residue or carcass remaining. Optionally, a thin 
sheath comprismg non-reactive polymeric material (e.g., polyethylene, SURLYN®, ete.) may be 
applied over the body 18a. Preferably, sheath 18 is Ihin enough to be substantially consumed 
upon the initiation of the reactive polymeric material of tube 18. Such a sheath, in contrast to a 
confinement tube, does not have sufficient structural strength to contain the brisant output gen- 
erated by flie tube body 1 8a. The sheath may serve, however, to facilitate handling or further 
processing of the shock tube. 

[0041] While the invention has been described with reference to specific embodiments thsxeof, 
it will be ^predated that numerous othCT variations may be made to the illustrated specific 
embodiment which variations nonettieless he within the spirit and the scope of the invention 
and the appended claims. 



